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A decade of change in abdominal aortic aneurysm
repair in the United States: Have we improved
outcomes equally between men and women?
Ellen D. Dillavou, MD,a Satish C. Muluk, MD,b and Michel S. Makaroun, MD,a Pittsburgh, Penn
Objectives: Abdominal aortic aneurysm (AAA) repair has undergone vast changes in the last decade. We reviewed a
national database to evaluate the effect on utilization of services and rupture rates.
Methods: From the Centers for Medicare Services (CMS), a 5% inpatient sample was obtained for 1994 to 2003 as
beneficiary encrypted files (5% BEF) and as a limited data set file after 2001. Files were translated into Microsoft Access
by using a custom program. Queries were performed using International Classification of Diseases (9th Revision)
(ICD-9) diagnosis codes 441.3 (ruptured AAA) or 441.4 (non-ruptured AAA) and ICD-9 procedure codes 38.34, 38.36,
38.44, 38.64, 39.25, 39.52 for open, and 39.71 (available after October 2000) for endovascular repair. The 5% BEF
totals were multiplied by 20 to calculate yearly volumes. Total cases were divided into the yearly CMS population of
elderly Medicare recipients for repair rates per capita and are reported as cases per 100,000 elderly Medicare recipients.
Statistics were performed using 2, Student’s t test, nonparametric tests, and multiple regression analysis; P < .05 was
considered significant.
Results: Elective AAA repairs declined from 94.4/100,000 in 1994 to 87.7/100,000 in 2003. AAA rupture surgery
declined from 18.7/100,000 (1994) to 13.6/100,000 (2003). Rupture repairs from 1994 to 2003 decreased by 29% for
men and by 12% for women (P < .001). Rupture mortality has not changed, but the average is significantly higher for
women at 52.8%, with men averaging 44.2% (P < .001). Mortality for elective AAA repair has decreased from 5.57%
(1994) to 3.20% (2003) in men (P < .001) and from 7.48% (1994) to 5.45% (2003) in women (P < .001). Multivariate
analysis demonstrated increasing age, female sex, and open surgery (vs endovascular) were significant predictors of
elective and ruptured AAA repair mortality. For 2003 elective AAA repairs, the average length of stay was 6.9 days in men
and 8.9 days in women (P < .01) For 2003, men were more likely to be discharged to home after rupture (32.9% of men
vs 23.3% of women; P < .001) and elective repair (84.5% of men vs 70.1% of women; P < .001).
Conclusions: Improvements in AAA management in the last decade have decreased aneurysm-related deaths and reduced
the incidence of aneurysm ruptures, with a lower utilization of services. Women, however, continue to have a consistently
higher mortality for open and ruptured AAA repair and are less likely to return to home after either. ( J Vasc Surg 2006;
43:230-8.)The existence of gender differences in the outcomes of
abdominal aortic aneurysm (AAA) repair has been a matter
of controversy in the vascular surgery literature. Work
supporting1-8 and disputing3,6,9,10 gender differences has
been reported when large patient databases have been
examined. Most of this work has been an analysis of geo-
graphically limited areas2-4,7,9,11,12 or small samples of
national databases.1
Significant advances in the management of AAA have
been made in the last decade, including the introduction of
new endovascular treatment modalities, screening studies,
and randomized trials to refine the appropriate timing of
intervention.13,14 The impact of these advances on national
practices and utilization of services has yet to be analyzed.
In addition, no information is yet available on whether this
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230heightened interest in AAA disease has resulted in the
desired outcome of reducing rupture rates.
The current work examines trends in open AAA and
endovascular aneurysm repair (EVAR) utilization and out-
comes, with attention to the differences between men and
women over the last 10 years in the United States. We
sought to determine through analysis of a random sample
of inpatient Medicare claims from 1994 to 2003 the trends
in AAA repair utilization, rupture rates, and whether gen-
der differences exist and to what extent.
METHODS
Study aims and methodology were approved by the
University of Pittsburgh Institutional Review Board as well
as by the Centers for Medicare and Medicaid Services
(CMS).
Data files were obtained from CMS and consisted of a
random sampling of 5% of inpatientMedicare claims during
a fiscal year, packaged as a 5% beneficiary encrypted file (5%
BEF). The sample was determined from random selection
based on the digits at positions 8 and 9 of the health
insurance claim (HIC) number. The constituents of this
population vary from year to year and were drawn from a
pool of Medicare patients with inpatient admissions. Pa-
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without Medicare insurance and those enrolled in health
maintenance organizations (HMOs). Table I presents esti-
mates of the nationwide elderly Medicare population and
the percentage enrolled in HMOs.
Data were obtained on CD-ROM in text format. The
5% BEF files were purchased for years 1994 through 2001,
and a similar sampling with increased encryption to protect
patient identity was purchased for 2002 and 2003 as a 5%
limited data set (LDS). Information contained in the data-
base included but was not limited to patient demographic
information, diagnostic and procedure codes, discharge
status, payment information, and location of treatment.
Analyzed were data from 16,124 records representing
322,480 patients with an AAA diagnosis. Files were trans-
lated into Access (Microsoft, Redman, Wash) by using a
custom program written by one of the authors (S. C. M.).
This program was validated against results obtained from
translation programs obtained from CMS.
Files were searched by using final hospitalization Inter-
national Classification of Diseases (9th Revision) (ICD-9)
diagnosis codes 441.3 (ruptured AAA) or 441.4 (elective
AAA) combined with ICD-9 primary procedure codes
38.34 (aorta resection and anastomosis), 38.36 (abdominal
vessel resection with anastomosis), 38.44 (resection ab-
dominal aorta with replacement), 38.64 (excision of aorta),
39.25 (aorta-to-iliac or femoral bypass), or 39.52 (aneu-
rysm repair NEC) for open repair. After October 2000,
procedure code 39.71 (endovascular AAA repair) was avail-
able and used for EVAR.
Patients in the CMS database were divided into groups
by age 65 years, 65 to 69 years, 70 to 74 years, 75 to 79
years, 80 to 84 years, and 84 years. To calculate average
age, the median value for each range was used as represen-
tative, with 62 being used for the first group and 87 for the
last group.
Discharge data were grouped into four disposition
categories: discharge to home, transfer to a short-term care
facility, transfer to long-term care facility, or death. Esti-
mates of death should be viewed as those occurring during
Table I. Percentage of elderly patients enrolled in
HMOs and with Medicare coverage, 1994 to 2003
Year
Total elderly
Medicare population
Enrolled in
HMO (%) Sample population
1994 32,408,543 7.44 29,997,545
1995 32,741,662 9.55 29,613,407
1996 33,021,701 12.13 29,017,237
1997 33,237,460 15.07 28,228,920
1998 33,409,666 16.98 27,735,951
1999 33,515,946 17.04 27,803,902
2000 33,832,862 16.78 28,156,278
2001 34,044,115 15.02 28,930,916
2002 34,257,612 13.32 29,694,788
2003 34,580,961 11.99 30,433,241
HMO, Health maintenance organization.the hospital stay in question.Raw numbers of patients obtained from the 5% files
were multiplied by 20 to estimate yearly nationwide totals.
Estimates were then divided into population totals of el-
derly Medicare recipients obtained from CMS for each
particular calendar year, with the percentage of patients
with HMO coverage subtracted from the total population
estimate. Gender-based population estimates were also ob-
tained from CMS and used where appropriate.
Statistic analysis was performed by comparison of yearly
totals and comparison of groups over time. Averages are
listed, and where appropriate, standard deviation is also
given. A comparison in women’s rupture rates from 1994
to 1999 vs 2000 to 2003 was done after a review of the data.
The 2 test was used to compare nominal variables and the
two-tailed Student’s t test was used for comparison of
continuous variables after a binomial distribution had been
verified. Mann-Whitney and Wilcoxon rank sum tests were
used for nonparametric data. Logistic regression was used
to perform multivariate analysis with a Hosmer-Lemeshow
goodness-of-fit statistic to ensure appropriate modeling.
Significance was defined as P  .05.
RESULTS
Incidence of elective and rupture repairs. The num-
ber of Medicare recipients 65 years old undergoing elec-
tive AAA repair from 1994 to 2003 has remained relatively
stable at approximately 28,000 repairs per year (range,
26,760 in 1998 to 28,960 in 2002). When adjusted for
population, however, the number of elective repairs per
100,000 elderly Medicare eligible recipients has declined
slightly from 94.4 in 1994 to 87.7 in 2003. During this
time EVAR became available, and this replaced open sur-
gery rather than being added to the total number of elective
AAA repairs (Fig 1). From the years 2000 to 2003, women
comprised 21.5% of all elective AAA repairs but continued
to lag behindmen in the application of EVAR for aneurysm
repair: In 2003, EVAR was used in 28.0% of women
compared with 44.3% of men (P  .001).
The number of patients with the diagnosis of ruptured
AAA declined from 7300 in 1994 to 5640 in 2003. When
adjusted for population changes, ruptured AAA repairs
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Fig 1. Elective abdominal aortic aneurysm (AAA) repairs, nor-
malized for population, from 1994 to 2003.decreased from 18.7 per 100,000 in 1994 to 13.6 per
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repairs from 1994 to 2003 was more pronounced in men
(29.3%decrease) than inwomen (12.2%decrease) (P .001).
In the last decade, women accounted for 22.6% of elective
repairs, 22.5% of rupture repairs, and 26.7% of patients with
the diagnosis of ruptured AAA. Men were more likely to
undergo repair when presenting with a diagnosis of rup-
tured AAA (79.1%) than women (62.8%) (P  .001). The
proportion of women presenting with rupture was 25.6%
from 1994 to 1999 and 28.2% from 2000 to 2003 (P 
.001).
Age and race distribution. Women undergoing both
ruptured and elective AAA repairs were older than men,
and the overall the age of patients increased from 1994 to
2003 (Fig 3). Patients with ruptured aneurysms were sig-
nificantly older than those treated with elective procedures
for both genders: 77.4  6.7 years vs 74.4  6.1 years for
women (P .001) and 75.1 6.3 years vs 73.7 6.0 years
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Fig 2. Ruptured abdominal aortic aneurysm (AAA) repairs in
men and women, from 1994 to 2003, reported as diagnoses per
100,000 Medicare recipients. Rupture repairs are normalized to
sex-appropriate populations. *P  .05 vs 1994 totals.
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Fig 3. Trends in age for men and women having elective and
emergent abdominal aortic aneurysm (AAA) repairs from 1994 to
2003.for men (P  .001). Women were significantly older thanmen for both ruptured and elective repair. Patients aged
84 years old comprised increasing percentages of all AAA
repairs during the last decade.
White patients comprised 94.1%  0.9% of all AAA
patients each year. There were no significant changes from
1994 to 2003.
Mortality. Mortality for rupture repairs has remained
largely unchanged over the past decade, with no significant
decreases seen for either men or women. The yearly average
rupture mortality for men was 44.2% (range, 41.3% in 2000
to 47.9% in 1995), with a higher mortality in women (P 
.01) that averaged 52.8% (range, 44.4% in 2001 to 59.3% in
2000). Advancing age was clearly associated with increasing
mortality (Fig 4). EVAR was used in 10.6% of patients with
a ruptured AAA in 2003, with a significantly lower mortal-
ity at 33.3% vs open repair at 52.0% (P  .001). Multivar-
iate analysis demonstrated that age, female gender, and
open surgery were strong predictors of increased rupture
mortality (Table II). There were no significant differences
in rupture mortality on the basis of year of repair or on race.
Mortality for elective AAA repair has decreased for both
men and women over time, although large discrepancies
exist between the genders. Overall, male elective mortality
decreased from 5.57% in 1994 to 3.20% in 2003 (P 
.001). After eliminating endovascular procedures for year
2003, male elective open repair mortality decreased to
4.75% (P  .001 vs 1994). For women, overall elective
AAA mortality was 7.48% in 1994, decreasing to 5.45% in
2003 (P  .001). Mortality for open repair in women in
2003 (6.57%) was only marginally better than in 1994 (P
.08 vs 1994).
As with emergent repairs, elective AAA mortality rose
with age (Fig 4). From 1994 to 2003, the average yearly
elective mortality for all patients aged65 years was 3.26%
 3.2%, and in those aged 65 to 69 it was 2.60% .99%.
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Fig 4. Mortality of elective and ruptured abdominal aortic aneu-
rysm (AAA) repair by age group.Elective mortality averaged 10.56% 5.6% in patients aged
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elective mortality for patients aged 80 years steadily de-
creased, from 13.7% in 1994 to 6.0% in 2003 (P  .001).
All other age groups have had a more gradual decrease in
elective mortality. Endovascular mortality from 2000 to
2003 was significantly higher in women than men (2.60%
vs 1.28%, P  .013). Multivariate analysis again indicated
that female gender, advancing age, and open repair are
predictive of increasing mortality (Table III).
The decrease in the presentation of AAA ruptures and
the significant decrease in elective AAA mortality has led to
an overall reduction in the estimated number of AAA
Table II. Multivariate analysis of predictors of rupture
mortality: 1994 to 2003
Factor Odds ratio 95% CI P
Male sex 0.79 0.64-0.96 .02
Age 1.32 1.24-1.41 .001
Year of surgery*
1994 1.01 0.70-1.46 .95
1995 1.14 0.79-1.65 .48
1996 0.82 0.57-1.19 .31
1997 0.91 0.62-1.33 .63
1998 0.83 0.57-1.20 .32
1999 0.89 0.60-1.32 .56
2000 0.91 0.61-1.36 .65
2001 0.87 0.58-1.31 .51
2002 1.03 0.69-1.53 .9
Endovascular repair† 0.42 0.22-0.80 .008
CI, Confidence interval.
*2003 was used as a reference year.
†Separate subgroup analysis for years 2001 to 2003 only.
Table III. Multivariate analysis to predict mortality in
elective surgery patients
Factor Odds ratio 95% CI P
Age*
65-69 years 0.88 0.50-1.54 .66
70-74 years 1.2 0.70-2.07 .5
75-79 years 1.95 1.14-3.32 .01
80-84 years 2.57 1.50-4.43 .001
84 years 4.11 2.31-7.29 .001
Male sex 0.65 0.55-0.77 .001
Year of surgery†
1994 1.91 1.33-2.74 .001
1995 1.61 1.12-2.34 .01
1996 1.22 0.82-1.80 .32
1997 1.59 1.09-2.31 .01
1998 1.65 1.13-2.38 .008
1999 1.22 0.82-1.80 .32
2000 1.39 0.95-2.02 .09
2001 1.11 0.75-1.65 .6
2002 1.17 0.80-1.72 .42
Endovascular repair‡ 0.34 0.22-0.50 .001
CI, Confidence interval.
*Age 65 used as reference.
†2003 used as a reference year.
‡Separate subgroup analysis for years 2001 to 2003 only.deaths. Fig 5 illustrates the number of elective and emer-gent AAA repairs multiplied by mortality rate per year to
arrive at an estimated number of actual deaths. Estimated
deaths per 100,000 Medicare recipients have also declined,
from 8.1/100,000 for elective and 5.2/100,00 for rupture
surgery in 1994 to 5.8/100,000 and 2.8/100,000 in
2003, respectively.
There were no significant differences in mortality when
analyzed by race. In 2003, the elective mortality rate of
white patients was 3.8% vs 1.4% in nonwhite patients.
Rupture mortality was 52.6% for white patients and 43.8%
for nonwhite patients (P  NS for all).
Length of stay. Length of stay (LOS) after elective
and ruptured AAA repair significantly and steadily de-
creased from 1994 to 2003. The average LOS after a
ruptured AAA repair decreased from 14.5  17.3 days in
1994 to 10.4 11.9 days in 2003 (P .004). Average stay
after elective AAA repair decreased from 11.4  10.2 days
in 1994 to 7.3 8.4 days in 2003 (P .001). Again, there
were differences in LOS after elective repair whenmenwere
compared with women. Women had a significantly longer
LOS after elective AAA repair (P  .05) each year of the
study, with the exception of years 1996 and 1997. LOS for
women averaged 1.43 days longer than that of men.
In 2003, elective repairs were broken down into open
and endovascular procedures. LOS after open repair was
9.6  8.4 days for men and 10.4  11.6 days for women
(P .33). After EVAR the average stay was 3.5 4.8 days
for men and 5.3  7.0 days for women (P  .006). EVAR
LOS for both sexes were significantly lower than for open
repair.
Discharge disposition. Men were more likely than
women to be discharged home after all types of AAA repair
in 2003 (Fig 6). The percentage of women discharged to
home after elective AAA repair has remained relatively
constant from 1994 to 2003, averaging 74.6% (range,
70.4% in 1999 to 82.7% in 1996). This was consistently
lower than the percentage of men discharged to home,
averaging 84.4% over the same period (range, 79.8% in
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Fig 5. Estimated deaths from elective and emergent abdominal
aortic aneurysm repair surgeries from 1994 to 2003.1999 to 86.7% in 1995).
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The practice of AAA repair in the United States popu-
lation, especially in light of endovascular surgery, has been
a matter of debate. Reports of increasing volume15-18 have
been seen from urban academic centers and in some state-
wide databases.19 Other large reports cite static num-
bers.7,20,21 The Medicare database shows the number of
elective repairs performed per year has remained stable
despite an aging population swelling the ranks of Medicare
recipients. The relative utilization of AAA repair has actu-
ally slightly decreased per capita. Despite lower elective
repair rates, AAA ruptures have decreased in total numbers
as well as per capita. This is especially true for men, with an
almost 30% decrease in the number of rupture repairs from
1994 to 2003. The decrease was less pronounced for
women at only 12%.
A decrease in the number of AAA ruptures with stable
or declining numbers of elective repairs is very gratifying,
although somewhat unexpected. It clearly shows that the
medical community is gradually reaching the desired out-
comes for aneurysm treatment while utilizing fewer re-
sources. This can only be possible if elective repairs are
being performed on patients at higher risk of rupture with
a shift in practice patterns. This may be the effect of large
studies published in the last decade illustrating the lack of
benefit of aneurysm surgery at smaller sizes.13,14 Unfortu-
nately, this hypothesis could not be tested in this adminis-
trative database because aneurysm sizes were not recorded.
Another variable that almost certainly plays a role is the
use of EVAR. This allows safer treatment of elderly patients
who are at a higher risk of rupture. Because more men are
anatomically suitable for EVAR than women, this could
also contribute to the differential improvement in rupture
Fig 6. Disposition of men and women after ruptured and elective
abdominal aortic aneurysm repairs in 2003. *P  .05 for men vs
women.rates in men compared with women.Women have been noted to rupture at a significantly
smaller size—5.0 vs 6.0 cm in one study5 and 6.0 vs 6.6 cm
in another22—and also may have increased rates of aneu-
rysm growth.23 This evidence should prompt aneurysm
repair at a smaller size. In light of the.5- to 1-cm smaller size
of ruptured aneurysms in women, a threshold of 4.5 to 5.0
cm for elective repair would seem appropriate. This recom-
mendation is supported by the work of Brown et al,24 who
found no ruptures in aneurysms 5 cm in either men or
women, but did note that the fastest growth of aneurysms
was noted in the 4.5- to 5.0-cm size. These data, along with
data from the UK Small Aneurysm Trial that showed
average size of ruptured aneurysms in women to be 5.0 
0.8 cm, leads us to urge female aneurysm repair at a smaller
size. With women’s higher elective mortality, this recom-
mendation should be tested with prospective study.
Systematic analysis of the Medicare data files demon-
strated clear evidence that female gender is a predictor of
negative outcomes. We found this to be true for elective
and emergent repairs in univariate andmultivariate analysis.
This knowledge is a significant contribution to the ever-
growing body of work investigating the effect of sex on the
incidence of AAA and the outcome after repair. An early
study by Johnston,10 in review of the 1986 Canadian
database, found that although women were older at the
time of repair and had a higher incidence of iliac occlusive
disease, sex was not a predictor of morbidity or mortality.
No differences were found in rupture or elective AAA repair
rates between the sexes. Age, renal failure, and electrocar-
diogram changes were the only significant predictors of late
mortality. Large database work since then has pointed to
female gender being a significant predictor of morbidity
and mortality for elective, emergent, and endovascular
AAA repair.1-5,7, 8
Autopsy series have found that the prevalence of AAA
in patients 70 years old is 2.2% of women and 3.6% of
men (38% women in rupture population),25 which corre-
lates well with the 25% to 30% of ruptured AAA patients in
our series who were women. This incidence is also sup-
ported by a review from Ernst,26 who found that 34% of the
ruptured AAA deaths in theUnited States recorded in 1988
were in women. Unfortunately, the incidence of rupture
contrasts with the 22.6% of elective AAA operations being
performed in women. Women are also significantly less
likely than men to undergo emergent AAA repair after
rupture.
The reasons for these discrepancies are not clear.
Women have been found to have lower rates of elective
surgery after the diagnosis of AAA11 and also a lower rate of
surgery with rupture.4,27 The higher rate of women with
ruptured AAA vs elective repairs has been noted in previous
work,4,5,20 as has the increasing percentage of women with
ruptured AAA as age increases.4 All of these findings have
been supported by our recent work. This information adds
to the hypothesis that women are at increased risk of
rupture compared with men at the current thresholds for
surgery.
JOURNAL OF VASCULAR SURGERY
Volume 43, Number 2 Dillavou et al 235The true question is why these gender differences in
AAA surgical outcomes exist. Advanced age in women has
been found to be a consistent finding in virtually all com-
parisons of elective and ruptured AAA repairs and was the
factor that most consistently predicted mortality in our
multivariate analysis. This, however, cannot explain all of
the increases in morbidity and mortality seen in women, as
mortality differences based on gender were seen within age
groups. Advanced age undoubtedly has an effect on the
lower number of female patients who are discharged to
home, as they are likely to have outlived a spouse or may
not have another caregiver. Past work had noted a higher
proportion of current smokers in female AAA patients,4,10
but differences in the prevalence of coronary disease and
other predictors of mortality have not been proven to be
significantly increased.9,10,28 Unfortunately the Medicare
database is ill suited to answer these questions and can only
highlight their existence and importance to stimulate fur-
ther research.
Previous work has used other national databases to
examine AAA repairs. The National Hospital Discharge
Survey (NHDS) was used by Lawrence et al29 in 1999 to
describe noncerebral aneurysm procedures from 1984 to
1994. They found an incidence of approximately 32,000
elective repairs for that year, with a mortality rate of 8.4%
and a 68% mortality rate for ruptured AAA procedures.
These rates are higher than the 5.6% and 44.2% 1994
mortality rates seen in the Medicare sample for elective and
ruptured repairs. Wainess21 used the National Inpatient
Sample (NIS) and found 1994 elective and ruptured surgi-
cal mortalities of 5.0% and 44.2%.
Differences seen in the NDHS vsMedicare samples can
be attributed to the differences in populations. TheNHDS,
maintained by the Centers for Disease Control, is smaller,
voluntarily reported, and has a greater potential for selec-
tion bias through hospital type and location. It also has the
ability to sample all ages of patients, whereas patients the
Medicare sample are virtually all 65 years old.
The NIS, like the NDHS, is a voluntary database from
nonfederal hospitals and is managed by the Department
of Health and Human Services. It draws from an ever-
increasing number of states’ data. Lee et al8 used NIS data
from 2001, which was based on information from 33 states,
and found that female gender was an independent risk
factor for mortality after AAA repair. The advantage to NIS
and NHDS data is that these are constructed as clinical as
well as administrative databases, and the information they
contain has more clinical relevance. However, the manda-
tory reporting of Medicare data, as well as its nationwide
scope, makes selection bias and oversampling errors less
likely.
The limitations of the 5% BEF Medicare file warrant
discussion. With any large database entered by nonclinical
persons, there is an accepted margin of error. These errors,
however, should be consistent and allow for valid compar-
isons over time and within a given year. To our knowledge,
there have not been significant changes to the AAA codes
over the past decade, with the exception of the new endo-vascular codes. There are known inaccuracies when admin-
istrative database are used for clinical outcomes.30
Medicare databases may under-report procedures or
may have a margin of coding errors, but these should be
consistent over time. The only patients within this data set
areMedicare patients, which constitute 75% to 85% of AAA
patients per year.31 This percentage has not changed sig-
nificantly from 1997 to 2003.31 The number of patients in
HMO plans who were not sampled varied slightly, but this
was a small percentage at any point.
Many clinical data points were not included in the data-
base orwere not reliable enough to report, such as comorbidi-
ties and additional diagnoses. We could not determine which
diagnoses were pre-existing and which were postoperative, so
these variables were not included in the analysis.
The method of searching for data set patients was to
combine the diagnosis code of 441.3 or 441.4 and a code
for the six most common types of AAA surgery. Using this
method, we were confident that the data we obtained was
truly for AAA surgical patients. There are certain to be
patients missed with this strategy, but these margins should
also be consistent over time. Because endovascular grafts
did not have a code before October 2000, it is possible that
some patients received endografts before this time and were
coded inappropriately. Of course, a large number of rup-
tured AAA patients never make it to the hospital, and we
cannot comment on the numbers in this population per
year. All we can report is the number of patients with the
4413 diagnosis and make inferences to the larger group of
ruptures as a whole.
Even in light of these limitations, the information con-
tained in this database is valuable as it presents a large cross-
section of the highest-risk population across the United
States. This is a data set that cannot be biased by hospital size,
academic nature, geography, or payor status, which have been
proven to affect outcomes measures.32 Additionally, this is
one of the first large reports that has looked at gender differ-
ences in the era of endovascular surgery. Because of the recent
nature of device approval and the few women who undergo
this procedure, few studies have had sample sizes large enough
to draw true comparisons. We have documented trends in
AAA surgery over the past decade illustrating that progress in
patient survival has been made and that ruptured aneurysms
have decreased. There are still large differences in outcomes
for men and women, and more research needs to be done to
explain these results.
CONCLUSIONS
The number of AAA ruptures over the past decade in
the United States has been decreasing steadily, despite
fewer elective AAA repairs per capita. Mortality from elec-
tive procedures has decreased, whereas rupture mortality
has remained unchanged. The combination of decreased
electivemortality and fewer rupture presentations has led to
a decrease in the overall number of people dying from AAA
disease.
Women have decreased survival after both elective and
ruptured AAA repairs, have longer hospital stays, and are
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not share equally in the reduction of rupture rates, possibly
because of similar criteria used for treatment of both gen-
ders when women appear to rupture at a smaller size.
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Dr Manish Mehta (Albany, NY). I am delighted that Dr.
Shah, our president, asked me to discuss this paper about 14I want to congratulate Ellen and her group for yet again doing
a terrific job in trying to answer a very interesting question: have
endovascular options for treating AAA improved outcomes equally
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Volume 43, Number 2 Dillavou et al 237among men and women? I would have to say that this paper raises
a lot of interesting questions, which is probably its major strength.
Most of us who work in medical centers have noticed that
when it comes to AAA repair, our volumes have been increasing
over the past decade or so. But what your data suggest is that the
overall incidence of aneurysm repair throughout the country is
really decreasing. Is there an implication that although in the
setting of an increasing aging population we are repairing fewer
AAA with better outcomes, and we have fewer patients that are
coming to us with aneurysm ruptures? I would certainly like your
input on that, since my guess would have been that we are seeing
fewer AAA ruptures because we are treating more higher-risk
patients by endovascular means.
You noticed significant differences in aneurysm rupture rates
among gender, with women having a much higher incidence of
aneurysm rupture compared with men. Why do you think these
differences exist? Since 75% to 80% of AAAs occur in men, do we
under-recognize this disease in women and therefore treat less
women electively? Is it because most AAAs treated today are by
endovascular means and women, in general, have aortoiliac mor-
phology that is less suitable for endovascular repair? I’d like to hear
your thoughts.
Furthermore, why do you think women have worse outcomes
when they present with AAA rupture? Is it because they have a
higher incidence of pararenal aneurysms? We presented our data at
the PVSS last year evaluating aortoiliac morphologic differences
among gender in patients undergoing emergent endovascular
repair for ruptured AAA and found a much higher incidence of
para-renal AAAs among women. And lastly, I was really excited to
hear that as many as 10% of the US population that presents with
ruptures is being treated endovascularly.
Dr Ellen D. Dillavou. Thanks very much, Dr. Mehta. I think
you are absolutely right that we have found that the incidence of
AAA surgery overall has not changed; although in academic cen-
ters, we do see an increase. There have been several works recently
that have shown more aneurysm surgery is done by vascular
surgeons. Some other databases point to more surgery being done
at urban and teaching hospitals. So I think that what we are seeing
and what is being reported is true. However, we have to keep in
mind that overall ours is a small pool. The community hospitals
and other general surgeons doing AAA repairs probably are seeing
a marked decrease. This is in part due to endovascular repair; more
people are being referred to specialized centers, but the overall
number of repairs is not changing.
I do think your comment about endovascular repair and men
with rupture is a very good one. That although the trends in
rupture decreases started before endovascular repair was widely
available, I do think that that is making a big impact. We see many
more men undergoing endovascular repair than women. My per-
sonal belief is that women are probably not offered surgery as often
when they present with elective aneurysms and that may increase
the incidence of rupture as well.
As far as the reasons for women having a poorer outcome, I
can’t give you a definite answer on that. Unfortunately, that is one
of the limitations of this database. There have been many reports
showing that women have poorer anatomy and some have more
comorbid factors. Those are probably part of the reason, but I
honestly think that we need to investigate this in a more prospec-
tive, nationwide manner in order to get the definitive answers.
Dr Julie A. Freischlag (Baltimore, Md). I have done a lot of
things in my life, but I have never discussed a paper I didn’t hear.
However, you gave me the paper, which is most excellently writ-
ten. So if you said what is in the paper, I think I can ask you a few
questions. When you look at your data, which is just a sampling of
this database, how sure are you that with this 5% sampling you have
an accurate sampling of the entire data? How can you be sure of
that?
In reading your paper, it is amazing how the women don’t do
well. And you have alluded to that, as far as why is that. Is it
selection? Do women not want to be repaired? I have a 92-year-oldwoman now and I just repaired her carotid, she has a 5.2-cm
aneurysm. She really doesn’t believe she has aneurysmal disease,
because she is 92, and she also doesn’t think she wants an operation
for this.
As many of you know, my mother got an aneurysm this year,
and so I am actually an aneurysm carrier of sorts. And I would
never have thought my mother had an aneurysm until she had an
MRI for her back. So are women less likely to be diagnosed or to
have operations? I mean is that the issue: older women just think it
is inevitable to die of the disease and they won’t get fixed?
Additionally, why don’t the men take care of their wives? I
mean, when you look at this data, is that the reason they are dying,
is that no one will take them home or are the husbands dead
already? Or do women take care of their husbands and therefore
they all survive postoperatively.
Your paper is excellent, and I think it really does beg the
question of having a really good prospective registry on this. We
are going to get this in the VA, but there are no women in that
database. The lifeline registry is important so that these questions
can be answered.
Dr Dillavou. Dr Freischlag, I think your question about this
sampling is an excellent one. This sample is a truly random sample
generated from the last two digits of the patient identification
number by Medicare. The constituents of a population vary by
year, and it is a truly random 5% sample of all hospital claims. So
based on that, I think we can be fairly confident that these numbers
are real and that they are able to be generalized to the elderly
Medicare population. The number of patients covered by Medi-
care in a given year ranges from about 75% to 85%. And that has
not changed a lot over the last 7 to 8 years. So again, without
knowing the absolute number each year, I think we can safely say
that the trends are probably pretty stable.
You ask if there was a way of checking the results. And we
actually did that. We looked at the National Inpatient Sample,
which is another nationwide sample of a different selection of
hospital discharges, and we found very similar trends. So we are
pretty confident that these trends are real.
Dr Anton N. Sidawy (Washington, DC). Ellen, excellent
presentation. And you analyzed the data nicely. I have one ques-
tion, since these are Medicare discharge data, is the mortality
in-hospital mortality or is it 30-day mortality?
Dr Dillavou. Theoretically, they are 30 days. But personally,
I believe that they are probably in-house mortalities. In analyzing
death, there were four different codes for death: the first was just
death, the second was death in hospital, third was death at home,
and fourth was death, location unknown. And by far, the over-
whelming majorities were death in hospital or just death. I do not
believe that we can safely say it is 30 days.
Dr Sidawy. I am asking this question because I noticed your
men mortality results are very close to those we have just presented
on the VA results, and the VA data is 30-day mortality data.
Dr John Blebea (Philadelphia, Penn). I find it intriguing that
the rate of AAA rupture may be decreasing. However, the data that
you showed suggested that there may be an upward trend during
the last 4 years. If the earlier decrease in rupture rate was due to a
greater public awareness of this risk, and more expeditious diagno-
sis and treatment, then it makes no sense to see an upward trend in
rupture rate as the availability of EVAR has markedly increased
public awareness of AAA. So although there may be a statistically
decreasing rupture rate over the past decade, why should rupture
rates be increasing during the last 4 years?
Did you look at the cause of the higher mortality for women?
One obvious explanation would be the age. Did you do multivar-
iate analysis to examine whether gender differences in mortality are
independent of the age differences between men and women?
Finally, I believe that there is an obvious explanation for the
decreasing number of women that go home as compared to men.
Women outlivemen and have a longer lifespan.Men, when they go
to the hospital, have a higher probability of having a spouse at
home to help take care of them at discharge. On the other hand, a
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February 2006238 Lindsaymuch greater proportion of women are living alone before admis-
sion and will therefore more likely need to go to an assisted-living
facility at discharge.
Dr Dillavou. I completely agree with your last comment.
With the higher age of women at the time of surgery and the fact
that women outlive men, I believe that most of them do not have
someone to care for them at home.
I think reporting on those trends is important because it
really highlights the differences in utilization and the resources
that we are expending to treat the AAA diagnosis in men vs
women. As far as age vs sex, in a multivariate analysis, we did do
that, and they were each independent predictors of mortality. As
far as the recent increase in the number of ruptures, I don’t have
a good explanation. I think that right now it is too early to tell
if this is just a little blip along the curve, or if the incidence of
rupture is actually rising again and may approximate the num-
bers we saw in the early 1990s.
One of our theories of why we are doing fewer elective
repairs and seeing fewer ruptures is the effect of the UK Small
Aneurysm Trial and the ADAM Trial, in that it really high-
lighted for vascular surgeons the importance of doing surgery
on larger aneurysms that are more prone to rupture and are
actually more dangerous to people, as opposed to operating on
the smaller aneurysm, where you could be doing more surgery
patients may result in an overestimation of the true population-but maybe not make a mortality difference, or at least a mortal-
ity difference for many years. It is possible that we have out-
grown the immediate effect from these studies and that this
recent small increase in ruptures is just a normalizing of the
curve after those data have been processed.
Dr William R. Flinn (Baltimore, Md). One of the striking
things in your findings is that the rupture rate for women, unlike
men, has not declined over the period of your study. We were
gratified to hear the recent USPSTF recommendations regarding
aneurysm screening for men, but those recommendations were
most notable for excluding women from consideration of the
screening process. Considering your failure to observe a reduction
in rupture rate for women, and the still striking difference between
the mortality for patients treated for rupture compared with those
treated electively, would you comment about the exclusion of
women from the USPSTF recommendation?
Dr Dillavou. Well, I think this ties into some of Dr. Freis-
chlag’s remarks in that we, as vascular surgeons, many times don
not see women as equal opportunity candidates for AAAs. And in
fact, they are not. The incidence of AAA is probably a 4 to 1, or
maybe even a 5 to 1 difference, men to women. However, a
significant number of women have aneurysms. And I think we need
to be more aggressive in both detecting and treating these aneu-
rysms before rupture occurs.INVITED COMMENTARYThomas F. Lindsay, MD, Toronto, Ontario, Canada
This article presents important information on trends in both
elective and ruptured abdominal aortic aneurysm (AAA) repair and
its associated mortality in the United States Medicare population.
The number of procedures performed in this population is declin-
ing, despite the increasing size of the population65 years of age.
Importantly, significant decreases in mortality after elective AAA
repair occurred during this period, indicating improvements in
care of both men and women. The benefits of these improvements
have not been equally distributed between the sexes. The decline in
elective and ruptured AAA (RAAA) mortality for men is greater
than that observed for women; however, women are older when
they undergo operative repair. Women have a higher chance of
presenting as a rupture, a lower incidence of attempted repair, and
a higher mortality rate.
A key finding in this study is that the RAAA mortality rate has
not declined; however, the incidence of RAAA appears to have
declined. Overall, the population aneurysm-related mortality is
significantly influenced by the excessive RAAA mortality. This
highlights the importance of AAA identification through screen-
ing, which can have a significant impact in reducing the aneurysm-
related mortality. Continued efforts to reduce the mortality of
elective AAA repair will also have a significant population impact.
The acknowledged limitation of this database is that it cap-
tures only those aged 65, therefore eliminating 15% to 25% of
United States AAA repairs. The lack of information about youngerbased perioperative mortality rate. This difference is likely to be
larger for men than for women because women develop aneurysms
at an older age.
The article highlights key areas where the profession must
advocate on behalf of patients and identifies areas that require
further study to reduce aneurysm-related mortality at the popula-
tion level.
First, implementing evidence-based screening programs is
critical to identify patients with asymptomatic aneurysms to further
reduce the incidence of RAAA and offer elective repair. Studies of
women are warranted to determine if AAA screening is beneficial
and to identify a female size threshold for repair.
Second, research into the pathophysiology of organ injury
after RAAA repair is important to develop approaches to reduce
postoperative morbidity and mortality.
Third, the impact of endovascular aneurysm repair (EVAR)
on AAA mortality is just beginning to be identified in this
population and will become clearer with ongoing surveillance.
EVAR has been proven to reduce 30-day mortality and 4-year
aneurysm-related mortality. The increasing application of EVAR
to RAAA may be the first major advance to decrease the mortality
associated with this condition in 55 years.
This article does identify important progress in the treatment
of abdominal aneurysms over the last decade, and it highlights that
the benefits of progress have not been shared equally between the
sexes.
